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ABSTRACT

This report presents the predicted launch vehicle o-~erational
trajectory and accompanying data tor the Apollo 14, AS-509 mission.
All data presented are for a January 31, 1971, launch windos.
Detailed trajectory printout is provided for only the grine :zimuth
of 72.0669 degrees corresponding to a launch time of 20:23 .°UT
(15:23 EST). However, pertinent summary data are presented for
other azimuths in the window.

Trajectory data are presented for all phases of flight through space-
craft separaticn, including data pertaining to the impact of the spent
stages. A brief discussion of the flight sequence is presex:ed in
addition to a critical event sequence table for the prime a2z .muth.
Launch vehicle guidance and targeting presettings are included as well
as predicted performance and mass characteristics.

NASA George C. Marshall Space Flight Center
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SECTION I: INTRODUCTION

The Apollo 14, AS-509 flight is the ninth mission of the Saturn V
vehicle and the seventh manned Saturn V mission. The present
launch day planned for Apollo 14 is January 31, 1971. The prime
launca time for January 31 is 20:23 GMT (15:23 EST) which corres-
ponds to a flight azimuth of 72.0669 degrees. This launch time
is the first integral minute after the opening of the January 31
launch window.

The launch vehicle trajectory is designed to inject the Apollo 14
spacecraft into a circumlunar trajectory. Complete burns of the

S-IC and S-II stages and a partial burn of the S-IVB stage place

the vehicle into a 100 nautical mile parking orbit as measured with
respect to the equatorial radius. During the second or third revo-
lution in parking orbit, allowing two opportunities, the S-IVB is
reignited, placing the launch vehicle onto a translunar orbit.
Spacecraft separation from the launch vehicle occurs prior to the
evasive maneuver approximately one-half hour after translunar injection.
Post-spacecraft separation operations include a hybrid maneuver by

the Apollo 14 spacecraft to achieve a low periselenum trajectory,
deboost into lunar orbit, manned lunar landing, ascent from the lunar
surface, docking, transearth injection by the CSM, atmospheric reentry,
and finally splashdown in the Pacific Ocean.

Post-separation launch vehicle operations include an S-IVB APS burn
to perform a translational evasive maneuver away from the CSM/LM,
rotational maneuver to a lunar impact attitude, propellant venting,
LOX dump, and APS engine burns to achieve a lunar impact of the S-IVB
stage in the desired impact target area.

This report presents trajectory and mission-related groundrules and
constraints, a mission description, - launch vehicle trajectory
description and data summary, an operational sequence of events,
vehicle configuration data including weight and performance dacs,

a propellant reserves summary, and flight profile envelopes. Also
presented are launch vehicle guidance and targeting pre=-tti:gs
including the S-IC tilt polynomial, and representative ‘v~ jectoly
data for all launch vehicle boost and coast phases of flight. The
S-IVB lunar impact trajectory data are not iacluded in *“his report
but will be published in a separate document later this wmonth.



This analysis has verified that the AS-509 launch vehicle is capable
of achieving all mission and launch vehicle objectives without viola-
ting constraints stipulated in the mission implementation criteria.
Launch vehicle performance reserves were found adequate to meet all
mission objectives in the presence of three-sigma dispersions,
Therefore, response to the guidance and targeting presettings will
inject the Apollo 14 spacecraft onto the desired translunar trajectory
under three-sigma conditions.

The launch vehicle targeting objectives provided by MSC for launch
on January 31, 1971, and flight to the Fra Mauro landing site are
consistent with the mission planning concept adopted for this launch
date-~-constant time of lunar arrival. Nominal midcourse requirements
for the targeted azimuths (72, 80, 88, and 96 degrees) are approxi-
mately 1.0 meter: 'second.

An S-IVB post-TLI trajectory is presented in this report. This tra-
jectory is designated the S-IVB dead stage trajectory and describes

the flight path the S-IVB dead stage will follow if time base eight

cannot be initiated by ground command during flight.



SECTION II: MISSION REQUIREMENTS AND DESCRIPTION

The Apollo 14, AS-509 mission is an Apollo Lunar Surface Experiment
Package (ALSEP) lunar landing mission. The primary launch date is
January 31, 1971, with the landing site being in the Fra Mauro area
which is a lunar highlands region.

The primary launch vehicle mi&sion ob jective requires that the launch
vehicle inject a manned Apollo command/service module (CSM) and lunar
module (LM) onto a translunar orbit. The manned space flight primary
ob jectives are as follows:

1. Perform selenological inspection, survey, and sampling in a
highland area.

2. Deploy ALSEP consistent with a seismic net.
3. Develop the capability to conduct a mission to a specific site.
4, Demonstrate the point landing capability.

5. Develop man's capability to work in the lunar environment.

Other supporting objectives are given below:

1. Launch on a flight azimuth between 72 degrees to 96 degrec
east of north.

2. Insert the S-IVB/IU/.SM into a 100 nautical mile circular
earth parking orbit.

3. Restart the S-IVE during either the second or third revolution
in earth parking orbit and jnject the $-IVB/IU/CSM on the planned trans-
lunar conic.

4, Provide the require. attituu2 control ror the S-IVB/IU/CSM
during the transposition, d:.-king, and ejection (TD&E) maneuver.

5. Provide the capzhili.y io impact the spent S-IVB/IU on the
lunar surface at a predetermined position approximately 33° 15' west
wiongitude and 1° 35' 45.6" sgouth latitude.



6. Use the S-IVB APS burn to execute a launch vehicle evasive
maneuver after ejection of the CSM/LM from the S-IVB/IU.

7. Venting and dumping of the remaining gases and liquid to
safe th S-IVB/IU.

The launch vehicle operational mission consists of the following phases:

1. Launch and boost to earth parking orbit is accomplished by
complete burns of the S-IC and S-II stages and a partial burn of the
S-1VB stage.

2. Coast for approximately two to three revolutions in a circular
100 nautical mile earth parking orbit.

3. The second burn of the S-IVB stage from earth parking orbit
to translunar injeccion.

4. Command and service module separatiomn, transposition, and
docking with the lunar module and CSM/LM ejection from S-IVB/IU
during post-TLI coast.

5. S-IVB evasive maneuver to reduce the probability of recontact
with the CSM/LM.

6. S~-IVB dumping, venting, and APS burn operation after the
evasive maneuver to cause the S-IVB/IU to impact the moon.

Mission ot jectives and requirements were obtcined from Reference 2,

Figure 1 presents a graphic representation of the overall mission from
lift-off to earth return.

The Apollo 14 AS-509 vehicle is scheduled to be launched on January 31,
1971, from Pad 39A of the Keunedy Space Center. Lift-off ocecurs at
3:23 EST which prcduces a flight azimuth of 72.0669 degrees. This time
corresponds to the first integral minute after the opening of the
January 31, 1971, launch window.

For launch in accordance with the Janu-ry 3] launch window, translunar
injection occurs approximately -18.£6 degrees south latitude and 150.82
degrees east longitude.

The translunar injection boost is targeted for high periselenum free-
return targeting consistent with the hybrid lunar landing mission profile.



The free-return trajectory periselenum altitudes will vary from
approximately 2029 nautical miles for 72 degrees first opportunity
to 1075 nautical miles for 96 degrees for a second opportunity case.

The operational trajectory groundtrack through TLI is presented in
Figure 3 for 2 .aunch along a 72,0669 degree launch azimuth for
first opportunity.

Significant tr.jectory events and cvent times are presented in the
critical events sequence given in Table 1., Flight times shown in
this table are for a launch along a 72.0665 degree launch azimuth.
However, events referenced to < time base are applicable with respect
to that time base for all launch azimuths. A summary of trajectory
parameters and az'muth dependent critical events is presented in
Tables 2 through 12,
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SECTION III: TRAJECTORY DESCRIPTION

The simulated AS-509 vehicle is launched from Pad 39A of the Kennedy
Space Center. The launch (lift-off) azimuth is 90 degrees, while the
flight azimuth may vary from 72 to 96 degrees. The actual vehicle
flight azimuth is computed just prior to launch from a launch day
dependent polynomial of launch azimuth as a function of launch time.
The primary launch azimuth for January 31, 1971, is 72.0669 degrees.

A brief description of each phase of the trajectory is presented in
the following paragraphs.

A. S-IC Boost Phase

At approximately 17.25 seconds prior to ignition, guidance reference
release (GRR) occurs. At this time the LVDC performs the necessary
calculations for tune correct flight azimuth. At time zero first motiom
occurs and the eight holddown arms are released.- Lift-off (time base 1)
occurs 0.40 of a second after first motion. Following lift-off the
vehicle rises vertically from the pad for approximately 138 meters.
During this period a yaw maneuver is initiated to provide tower clearance
in the event of adverse wind conditions or engine failure. After the
launch vehicle has cleared the tower the pitch and roll programs are
initiated. The roll maneuver aligns the vehicle body axis with the
computed flight azimuth. Except for initial tower clearance and the
roll to the proper flight azimuth, both yaw and roll guidance commands
are zero during first stage flight.

Guidance during the S-IC burn consists of a pre-programmed pitch
profile that is a function of time. The desired pitch commands are
computed from a fourth-degree time polynomial obtained from a least-
square curve fit of the nominal baseline CHI pitch versus time trajectory.
The design criterion for the pitch profile is to maximize weight into
parking orbit subject to vehicle performance, heating, and load require-
ments. The AS-509 S-IC tilt profile was generated for mean November
through April winds. An average February/March 50-percentile wind was
used in the nominal trajectory simulation for the January 31, 1971, launch
window. At specified times in the first stage burn, different segments of
the polynomial will be entered.



The first segment of the polynomial is entered after tower
clearance or 13 seconds from first motion, whichever occurs first,
At 20 seconds from time base 1, the S-IC F-1 engines are canted
radially outward. Following S-IC cant the second segment of the
pitch polynomial is entered at TBl + 34.2 seconds. After entering
the third segment of the pitch polynomial (TBl + 66.6 seconds), the
vehicle exceeds the speed of sound with Mach one occurring at 62.0
seconds from first motion. Maximum dynamic pressure is encountered
at approximately TB1 + 85.0 seconds.

The final segment of the polynomial is entered at TBl + 97.2
seconds and extends until tilt arrest. During this period control
gain cnanges occur at 105 .nd 130 seconds from TBl ir order to insure
the dynamic stability of the launch vehicle. At TBl -+ 134.6 seconds
the S~IC inboard engine cutoff signal is given so as to limit the
vehicle maximum longitudinal acceleration to 4 g's. Approximately
50 milliseconds later, TB2 is set at 135.1 seconds from first motion.
At TB1 + 162.6 seconds tilt arrest occurs. The pitch attitudes are
frozen in order to dampen out pitch rates prior to S-IC/S-II separation.
The pitch attitude remains constant until the initiation of the
Iterative Guidance Mode (IGM) during S-II stage flight.

At TBl + 164.4 seconds, the S-IC outboard engine cutoff command is
initiated by propellant depletion sensors. Nominally, cutoff is initiated
by LOX-depletion sensors. Time base 3 initiation occurs 0.1 of a second
after cutoff command.

S-II ullage rocket ignition is commanded 0.5 of a second after out-
board engine cutoff. S-IC retrorocket ignition and structure severance
are commanded 0,2 of a second later. At TB3 + 0.77 of a second, separa-
tion is assumed to be complete. The spent S-IC stage during ncminal
boost to earth parking orbit impacts in the Atlantic Ocean approximately
30.19 degrees north latitude and -74.15 degrees east longitude. A
summary of S-IC and S-II impact positions is given in Table &.

B. S-II Boost Phase

As the four S-IC retrorockets are pushing the S-IC stage away from
the S-II stage, the four S-II ullage rockets give the vehicle a positive
acceleration to help maintain propeilant seating and separation distance
between the S-IC and S-II stage is increased. The S-II stage ullage
rockets have a nominal burn duration of 4.5 seconds, which ends just
past S-II mainstage. During the period from time base 3 (TB3) to
mainstage, the S-II engine start sequence is initiated (TB3 + 1.4 seconds)
which leads to S-II ignition at 167.2 seconds from first motion. The S-II
J-2 engines nominally require two seconds from ignition to build up to
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mainstage (approximately 907 thrust). The S-II J-2 engines ignite
with the propellant utilization (PU) valve at the 4.8 setting; then
at TB3 + 6.9 the S-II PU valve is commanded to the 5.5 mixture ratio
setting. An open loop two-position PU valve is employed throughout
the S-II burn.

The S-II stage pitch and yaw steering commands are generated by
a closed loop implementation of the iterative guidance mode (IGM).
This scheme essentially surveys the current state parameters, compares
these with the desired terminal conditions, and knowing what performance
to expect during the remaining portion of flight then applies a simpli-
fication of the variational calculus steering law. Terminal accuracy
is attained through the frequent iteration of this procedure. Significant
perturbation can be tolerated by IGM provided the basic assumptions of
constant thrust and specific impulse are not significantly violated.

IGM is initialized at TB3 + 40.6 seconds (i.e., the guidance loop
is closed). Prior to this time the guidance commands have been frozen
to inertial values that were present at S-IC tilt arrest. IGM is
delayed due to the order of several weight drop events occurring over
this period. The first event to occur is the S-IC/S-II large interstage
drop (S-II second plane separation) at TB3 + 30.7 seconds, and then
approximately 5.7 seconds later the launch escape tower (LET) is jettisoned
on signal from the crew. By employing IGM after these events, the intro
duction of discontinuous F/M changes to the guidance system is avoided.

The pitch and yaw steering misalignment correction (SMC) term is
initialized 20 seconds after the beginning of IGM. The SMC is utilized
to determine the total thrust misalignment caused by certain vehicle
system errors such as engine alignment tolerances, thrust vector devia-
tions (from engine center line), stage-to-stage aligmment uncertainties,
and center of gravity offsets.

For approximately the next 240 seconds, as the vehicle continues to
gain velocity and altitude, no major events occur until S-II center engine
cutoff. The center engine cutoff command is sent by a signal from the
switch selector at a fixed time (TB3 + 299.0 seconds). This event time
has been pre-determined such that structural vibration effects are mini-
mized. Also during this period there are two control gain switch points,
TB3 + 61.4 seconds and TB3 + 191.4 seconds. After the center engine is
out, several IGM values are adjusted and updated to account for a different
F/M history. The reason for this being that S-II center engine cutoff is
treated as an engine failure by the guidance system; however, guidance
presettings are derived to minimize discontinuities.

11



As mentioned earlier, the PU system performs in an open loop
configuration and operates at a 5.5 setting (i.e., the ratio cof
the mass flow rate of LOX is 5.5 parts of LOX to 1 part of LH2)
from mainstage thrust to mainstage + 305 seconds. At this time,
a specified pre-determined characteristic velocity is nominally
achieved which triggers the IGM to begin what is known as the seccnd
phase of IGM. The operation of the guidance system is pre-planned
here. In turn, the IGM sends a command through the switch selector
to change the PU valve such that a mixture ratio of 4.8 is obtained.
The S-II operates at this MR setting for the remainder of the S-II
burn. The philosophy of using different mixture ratio settings is
to operate the S-II stage at its maximum acceleration capability
(maximum thrust) during the period of higher gravity losses, shifting
to a more efficient power level once the velocity direction is rela=-
tively flat and the correspondiag gravity loss rate is lower.

The S-II stage J-2 outboard engines are cut off simultaneously
after a timer expiration by a signal from any two of the five
propellant depletion sensors located in the LH2 and LOX tanks.

The LH2 circuit has a 2.3 second timer, and the LOX has a 1.85
second delay. The cutoff command for AS-509 S-II stage is predicted
to occur 556.66 seconds from first motion.

Time base 4 (TB4) begins 0.01 of a second after S-II outboard
engine cutoff command. At TB4 + 0.9 of a second, the signal to
ignite the S-IVB ullage rocket motor is given. The ullage rocket
motors will impart a forward acceleration to help maintain S-IVB
propellant positioning.

The S-II/S-IVB separation signal is given at TB4 + 1.0 second.
The separation command initiates the firing of the separation devices
and the four 34860-pound thrust retrorockets. The retrorocket pro-
duces a retarding force to the S-II stage during separation which
prevents S-II/S-IVB interaction. S-~II/S-IVB physical separation
occurs 0.1 of a second later; this corresponds nominally to a flight
time of 557.7 seconds from first motion. For the prime azimuth the
S-II stage impacts in the Atlantic Ocean at approximately 31.24 degrees
north latitude and -32.84 degrees east longitude.



C. S-IVB First Burn

Following S-II/S-IVB separation, the S-IVB engine start sequence
is initiated at TB4 + 1.1 seconds. Start sequence requires three
seconds to complete and culminates with S-IVB ignition at TB4 + 4.1
seconds. Buildup to meinsitage (approximately 907 thrust) is nominally
achieved 2.5 seconds later at TB4 + 6.5 seconds, The ullage rockets,
which were ignited prior to separation, are decayed at TB4 + 8.5
seconds and jettisoned 4.3 seconds later.

Once the vehicle has achieved mainstage, the attitude freeze
restrictions employed at S-II outboard cutoff are removed. This
is done at TB4 + 8.2 seconds, and Phase 3 of the lteraiive Guidance
Mode (IGM) is enabled. This activity determines the correctious
needed to steer the vehicle to the pre-determined position and velocity
at earth parking orbit insertion (EPOI). The S-IVB stage PU system
operater in a two-position, open-loop configuration during boost flight.
The a iimate S-IVB LOX/LH2 flow rate mixture ratio used during the
S-IVB . st burm is 5.0.

Approximately 6.5 seconds after IGM has been re-initiated, pitch
and yaw steering misalignment correction (SMC) terms are re-initialized
to compensate for any errors due to engine thrust misalignments.

As the terminal conditions are approached, the guidance system
becomes morc sensitive to perturbations in the desired flight path.
Since it may not be practical to completely eliminate all these
perturbations (i.e., fuelslosh), another alternative is to relieve
the constraints placed on the terminal conditions. This relief is
supplied approximately 35 seconds prior to cutoff by decreasing the
altitude accuracy constraints. The approach is feasible since the
desired altitude has already been reached and the trajectory constraints
are more stringent for path angle and velocity.

Approximately 8 seconds prior to cutoff (TB4 + 138.3 seconds) the
attitude rates are again zeroed out, so the vehicle will be in a stable
attitude at cutoff. Approximately 700 second, after first motion the
desired terminal conditions have been reached, and the command is issued
for engine cutoff. Time base 5 (TB5) is set 0.25 of a second later, and
thrust decay ends 1.85 seconds after cutoff.

Immediately after cutoff (TB5 + 0.3 of a second) the S-IVB APS ullage
engines are ignited. Each of these two engines provides a 72-pound thrust
to the stage to maintain propellant seating. They will continue to burn
for approximately 87 seconds overlapping by 32 seconds the initiation of
the LH2 continuous vent.
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Earth parking orbit insertion (EPOI) into a circular 100-nautical
mile orbit occurs, by definition, 10 seconds after S$-IVB cutoff ‘T35 +
9.75). The Launch Vehicle Digital Computer (LVDC) continues tc¢ sample
accelerometer data until TB5 + 100 seconds. At this time, orbital
navigation is initiated and the LVDC updates the position and velocity
components in accordance with mathematical models developed prior to
the flight.

D. Coast in Earth Parking Orbit

During earth parking orbit coast, attitude control is maintained
at local horizontal through the use of the reaction control auxiliary
propulsion system. The only longitudinal thrusting occurring during
this period is a result of the propulsive hydrogen venting of the
continuous venting system (CVS). The predicted CVS thrust for the
AS-509 mission is shown in Figure 61 and is based upon observed data
from previous missions.

Since the accelerations produced by the CVS are =xtremely small,
the accelerometers are not used by the guidance computer to calculate
positions and velocities during this phase of flight. Instead, a
preset model of the venting accelerations is used by the flight computer
in order to determine the trajectory of the vehicle. The vent accele-
ration model being used for the AS-509 mission is presented in Table 18,

When 7he position of the launch vehicle satisfies certain geometrical
constraints defined by the translunar injection (TLI) targeting preset-
tiugs, time base 6 is set by the flight computer signaling the beginning
of restart preparations. A detailed explanation of the geometrical
constraints is given in Reference 20,

E. S-IVB Second Burn (Translunar Injection)

The restart preparations are initiated with the ignition of the
helium heater (02/H2 burner) at 42 seconds into time base 6. The CVS
is closed 0.2 of a second later. At 496.3 seconds after time base 6
initiation, the APS ullage motors are started in order to further seat
the S-IVB propellauts prior to mainstage ignition. Following the APS
ullage motor ignition, the helium heater is cut off at time base 6 plus
465.8 seconds., At 570 seconds into time base 6, the engine start cormand
is issued and J-? fuel lead begins marking the init ation of the J-2
restart sequence. The APS ullage motors are cut off 3.0 seconds later,
followed by J-2 ~ngine ign’tion at 8.0 seconds after J-2 fuel lead initiation
Mainstage thrust (approximately 90% thrust) occurs nominally 2.5 seconds
after engine ignition.

14



The translumar injection boost IGM is initiated at apprcximately
4 sccouds after mainstage thrust is achieved. Then some 11.F seconds
later, steering misalignment correction calculations are begun to
compensatce for any errors due to engine thrust misalignment.

A propellant mixture ratio shift occurs 135 seconds after the
nominal time of mainstage thrust during a first opportunity TLI buwn.
The LOX/LH2 flow rate mixture ratio is approximately 4.5:1 prior to
the shift and 5.0:1 after the shift. The mixture ratio shift ends
the fourth phase of IGM and signifies :he begiruing of an artificial
tau mode which lasts for 30 seconds. The second opportunity S-IVB
burn does not have a mixture ratio shift, and the £full boost duration
occurs at a flow rate mixture ratio of approximately 5.0:1. There is,
however, a short artificial tau mode of 1 second duration at the ini-
tiation of IGM followed immediately by the initiation of IC. Phase 5.

When the computed time to go in the fifth phase of IGM becomes

< 30 seconds, the X terminal steering guidance mode is entered z-d
calculations of IGM end conditicus are terminated, thereby avoic.ng
any large guidance commands in the region of guidance cutoff. The
high speed loop is entered approximately 3 seconds prior to cutoff.
Then, when the terminal conditions are achieved, guidance cutoff signal
is issued followed by time base 7 initiation 0.21 of a second later.
LH2 continuous venting begins at TB7 + 0.5 of a second foliowed by

rans lunar injection (TLI) which is defined as 10 seconds from the

time of guidance cutoff signal,

F. Post-Translunar Injection

Following translunar injection, the LH2 continucus vent (CVS) remains
on until TB7 + 150.9 seconds. The attitude of the vehicle ‘s fiozen
inertially from guidance cutoff signal until TB7 + 150.9 s¢ ig at which
time the orpital guidance and navigation modes are enterzd. (ke attitude

is then commanded to local horizontal. The CVS is turuned off at tlhis
time also.

At 1B7 + 90U seconds i'ie vehicle is commandcd to transposition,
docking, and extraction (TD&E) attitude. The simulated CSM separation
occurs at TB7 + 1500 seconds with CSM/LM ejection occurring 3780 seconds
late. Following CSM/LM ejection, the _-IVB/IU manesuver to the evasive
maneuver attitude and the setting of time base 8 (TB8) are initiaicu iy
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ground command. During TB8 a combinatior of switch selector-commanded
and ground-commanded thrust operations are used to alter the S IVB/IU
trajectory so that the S-IVB/IU will impact the moon.

The following thrust operations alter the trajectcry:
1. LH2 tank CVS venting.

2. LOX tank dumping.

3. APS ullage mutor burn.

The ficrst two operations reduce the trajectory periselenum altitude
such that a lunar impact will occur after the completion of the LOX
dump. The APS burn is used te provide impact at the desired lunar impact
site of approximately 33° 15' west longitude and 1° 35' 45.6" south
latitude. The detailed pos -TLI launch vehicle operations that result
in S-IVB,/IU lunar impact will be presented in a later document.

Table B-2 presents *he S-IVhs trajectory ('"dead stage") which results
if the time base 8 operations mentioned above cannot be initiated. The
trajeciory is for a launch along a 72.0669-degree launch azimuth., The
"dead stage' S-IVB/IU trajectorv is the trajectory that results from
simulatiag the launch vehicle response to thke TLI boost guidance and
targeting presettings. This trajectory is the one from which midcourse
corrzction (MCC) requirement. are evaluated to det: -ine the validity
of the targeting presettings and the vehicle's resp..se to tnem. This
trajectory is also a good approximation of the spacecraft trajectory
prior to the hybrid maneuver MCC made at TLI + 28 hours.

MCC veloéity requirements are obtained by establishing the velocity
increment that must be applied to the S-IVB '"dead stage" trajectory to
cause it to satisfy the targe--objective arrival conditions at perisel num
and at free-return perigee. MCC velocity requirements at TLI + 9 hours
are presented in Table 13 for launch on January 31, 1971.
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SECTION IV: PROPULSION AND MASS CHARACTERISTICS

Propulsion characteristics used in this analysis for the S-IC, S-II,
and S-IVB stages were obtained from References 15 and 21. Total
mainstage thrust profiles for these stages are presented in Figures 50
through 54. Specific propulsion parameters that are necessary for
stage performance comparisons are presented in Table 14.

Thrust histories during S-IC/S-II and S-II/S-IVB staging events are
presented in Figures 55 and 56. The data of these figures provide

a composite history of mainstage thrust decay, ullage thrust, and
mainstage thrust buildup. Thrust histories for first and second burn
S-IVB thrust decay, the S-IVB restart sequence, and S-IVB thrust buildup
after reignition are presented in Figures 57 through 60.

AS-509 launch vehicle mass characteristics were simulated using data

contained in Reference 14. The simulated mass history at key eveants
during the mission is presented in Table 16.
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